We have previously shown that there is a consistent and reproducible bacterioneuston community in the surface microlayer during a fjord mesocosm experiment. One possible cause of the surface microlayer-specific bacterial community is a surface microlayer-specific protist community selectively grazing on the bacterioneuston. We determined protist community structures using Eukarya 18S rRNA gene denaturing gradient gel electrophoresis (DGGE) and subsequent DGGE band sequencing using DNA samples that were collected from the surface microlayer and subsurface water of the mesocosms. As with bacterial communities, protist community structure was consistently different in the surface microlayer when compared with subsurface water. In particular, the protist community in the surface microlayer was dominated by Cercozoa, which were not detected in the subsurface water, and Ciliophora.
The sea-surface microlayer is the thin biogenic film at the air-sea interface (Cunliffe and Murrell, 2009 ). The bacterial community present in the surface microlayer is known as the bacterioneuston and has a different community structure compared with that of subsurface water below (Cunliffe et al., 2008 , 2009a , Franklin et al., 2005 . Monitoring of the bacterioneuston community structure during a fjord mesocosm experiment, using Bacteria 16S rRNA gene terminal restriction fragment length polymorphism and denaturing gradient gel electrophoresis (DGGE), showed distinct and consistent differences between the bacterioneuston and the bacterioplankton communities (Cunliffe et al., 2009c) .
Understanding the mechanisms that regulate microbial communities is a central tenet of microbial ecology. It is now established that protist grazing can have community-level effects and can affect bacterial diversity (Pernthaler, 2005) . Both laboratory experiments and field-based studies have shown that the selective grazing of protists upon bacterioplankton communities is important (Pernthaler, 2005) .
It is therefore possible that protist grazing in the surface microlayer could be a contributing factor of the surface microlayer-specific bacterioneuston community structure that we had previously reported (Cunliffe et al., 2009c) . To test this hypothesis we must first establish the community structure of protists in the surface microlayer and determine to what extent protist community structure in the surface microlayer is different to that in subsurface water.
Denaturing gradient gel electrophoresis was used to analyse Eukarya 18S rRNA gene amplicons from DNA samples that have been used previously to retrieve Bacteria 16S rRNA gene amplicons (Cunliffe et al., 2009c) . The fjord mesocosm experiment monitored bacterioplankton and bacterioneuston community dynamics during an artificially induced phytoplankton bloom in six 2474 l mesocosms (3Âcontrol and 3Ânutrient amended). The phytoplankton bloom was induced by the addition of 16 mM NaNO 3 and 1 mM KH 2 PO 4 and monitored for 11 days. Community samples were collected from the surface microlayer using a metal mesh screen (Garrett Screen; 16 mesh stainless steel screen, size 275 Â 275 mm, sampling depth 0 to 400 mm) and subsurface water (sampling depth 0.75 m). For each sample, 250 ml of water was filtered using a Sterivex-GS filter unit (pore size 0.2 mm; Millipore, Watford, UK) and DNA was extracted from the filter in a sucrose buffer using lysozyme, proteinase K, sodium dodecyl sulphate and phenol-chloroform (Cunliffe et al., 2008) . The re-suspended DNA was diluted in molecular grade water to a concentration of 30 ng ml À1 and stored at À20 1C. PCR was performed using primers EUK 1209F GC and UNI1392R (Diez et al., 2001 Figure 1 Denaturing gradient gel electrophoresis (DGGE) of Eukarya 18S rRNA gene amplicons. Samples were collected at the start (day 2; a), middle (day 5; b) and end (day 10; c) of a nutrient-amended phytoplankton bloom mesocosm experiment (Cunliffe et al, 2009c) . Cognate samples were collected from both the subsurface water (SS; sampling depth 0.75 m) and from the surface microlayer (SML; sampling depth 0 to 400 mm) (n ¼ 3; three replicate control mesocosms and three replicate nutrient-amended mesocosms). A consolidated DGGE profile (d) was also made of all three sampling days by pooling equal amounts of the three replicate samples. The numbered arrows identify which DGGE bands were excised and sequenced in Table 1 . An unweighted pair group method with arithmetic average (UPGMA) dendrogram was constructed from the consolidated DGGE to show the similarity of the lanes of the DGGE profile (e).
The structure of the neustonic microbial loop M Cunliffe and JC Murrell and used as a target for a second round of PCR using the same primers. Sequences were obtained and are available in GenBank (accession numbers GQ428497 to GQ428515). Denaturing gradient gel electrophoresis revealed that the diversity of Eukarya 18S rRNA genes in the surface microlayer samples was different compared with the diversity of Eukarya 18S rRNA genes in subsurface water samples (Figure 1 ). On days 2 and 5, the structures of the Eukarya 18S rRNA gene profiles in all three replicate mesocosms were very similar ( Figures 1a and b) ; however, by day 10 there was some variation between replicate mesocosms (Figure 1c) . Even with the relative increase in variation between replicates on day 10, all the surface microlayer Eukarya 18S rRNA gene profiles were similar (Figure 1d ) and therefore formed a separate clade away from the subsurface samples in the dendrogram (Figure 1e ). This indicates that there is a consistent surface microlayer-specific eukaryote community. As with the bacterioneuston and the bacterioplankton communities (Cunliffe et al., 2009c) , there was no distinct effect of the nutrient amendment on the Eukarya 18S rRNA gene profiles in the mesocosms. One possible cause of the widespread effect, giving rise to a surface microlayer-specific eukaryote community, could be ultraviolet radiation.
Microscopic observations of surface microlayers have shown that a varied range of flagellate and ciliate protists can be present, with both motile and sessile forms (Joux et al., 2006 , Sieburth, 1983 . We detected using molecular methods (that is, none microscopically) a diverse range of eukaryote taxonomic groups in the samples (Table 1) , including known flagellate and ciliate protist groups.
On days 2 and 5 on the surface microlayer samples, there was a high relative abundance of two DGGE bands (Figure 1 ; bands 9 and 10) that were associated with known Cercozoa 18S rRNA gene sequences (Table 1) . The same bands were not visible in the subsurface water samples (Figure 1 ). This indicates that Cercozoa were a dominant protist group specifically in the mesocosm surface microlayers at this time. Cercozoa form a poorly understood eukaryote lineage and are ecologically and morphologically highly diverse (Keeling, 2001) . Cercozoa 18S rRNA gene sequences are frequently observed in molecular studies of surface marine waters, but they are typically detected at low relative abundances, o3% of clones in clone libraries, compared with other protist groups Pedros-Alio, 2008, Marie et al., 2006) . This study indicates that in the fjord surface microlayer, Cercozoa are numerically abundant and could be an important protist group affecting the bacterioneuston. Future work should aim to confirm whether Cercozoa are grazing on the bacterioneuston in the surface microlayer.
On day 10, the surface microlayer Eukarya 18S rRNA gene profiles became more varied with DGGE bands associated with known ciliates (Ciliophora) becoming relatively more abundant (Figure 1 and Table 1 ). The surface microlayers of the fjord mesocosms were enriched with transparent exopolymer particles and other aggregates, giving the microlayer a gelatinous film structure (Cunliffe et al., 2009b) . This contributes to the physical environment of the surface microlayer being different to subsurface water, particularly the enrichment of solid surfaces for cells to attach to (Cunliffe and Murrell, 2009 ). This could therefore create different protist niches than those in subsurface waters that would support the surface microlayer-specific protist communities observed (Figure 1) .
We also detected non-protist metazoans (Figure 1d  and Table 1 ), which could occupy higher trophic Abbreviations: BLAST, basic local alignment search tool (Altschul et al., 1990) ; DGGE, denaturing gradient gel electrophoresis; ND, not determined.
The structure of the neustonic microbial loop M Cunliffe and JC Murrell levels of the microbial loop (Azam et al., 1983) . Metazoan predation in the surface microlayer is an important ecological process (Zaitsev, 2005) . However, the mesh screen sampler may under-represent this size group when sampling (Agogue et al., 2004) , and therefore metazoan distribution in the surface microlayer should not be considered in this study. In summary, the structure of protist communities in the fjord surface microlayer is different to that in subsurface water. In particular, Cercozoa could be contributing to, by selective grazing, the specific bacterioneuston community structures that are present and hence warrant further study.
